Abstract-The study was designed to confirm the hypothesis that adenosine 5' tri phosphate (ATP), in addition to Norepinephrine (NE) is involved in the excitatory transmission between the hypogastric nerve terminal and seminal vesicle in the guinea pig. ATP produced a contraction in the isolated seminal vesicle. The pattern of contraction in response to exogenously administered ATP resembled that of nerve mediated contraction in respect of short latency, rapid rising phase and short dura tion. The contractions in response to both post-ganglionic hypogastric nerve stimu lation and exogenously administered ATP were remarkably enhanced in the presence of NE. The potentiating effect of NE on both responses was depressed with the pre-treatment of adrenergic a-blocking agents such as tolazoline, phenoxybenzamine, yohimbine and hydergine. The contractile responses to both hypogastric nerve stimu lation and exogenously administered ATP were affected by pre-treatment with various adrenergic a-blocking agents; tolazoline augmented both responses; phenoxybenza mine had a variable effect on both responses; yohimbine and hydergine depressed both responses. The contractile response to NE was depressed or abolished by these adrenergic a-blocking agents. The contractile responses to both hypogastric nerve stimulation and exogenously administered ATP were also modified by cholinergic drugs; acetylcholine (ACh) enhanced both responses; physostigminc enhanced both responses as well as the response to ACh. Atropine slightly depressed both responses and abolished the response to ACh. Atropine also slightly depressed the nerve mediated contraction in the reserpinized preparation.
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A relatively longer period of hypogastric nerve stimulation caused a biphasic contraction of the seminal vesicle. The initial "twitch" like contraction was resistant to reserpine-pretreatment, while the second slow rising contraction was abolished. The potentiating effect of NE on contractile responses to both hypogastric nerve stimulation and exogenously admin istered ATP was observed even in the reserpinized preparation.
The sensitivity to NE was increased after denervation, while that to ATP was almost unaltered. The potentiating effect of NE on ATP-induced contraction was still observed in the de nervated preparation.
These findings are consistent with the hypothesis that ATP is involved in excitatory transmission between the hypogastric nerve and seminal vesicle in the guinea-pig. Possible role of ATP in the transmission-mechanism was discussed herein.
Despite the adrenergic nature of the hypogastric nerve innervating the smooth muscle of the guinea-pig vas deferens (1) (2) (3) (4) (5) and seminal vesicle (6, 7) as demonstrated by many investigators, a persistent resistance to various adrenergic cc-blocking agents, both in vitro (8, 9) and in vivo (10) still remains unexplained. Swedin (11) has demonstrated a biphasic mechanical response of the guinea-pig vas deferens to hypogastric nerve stimulation over a relatively long period (30 see). The initial "twitch" like response was potentiated by adrenergic a-blocking agents, while the second phase of contractile response was depressed or prevented. Owman and Sjostrand (12) pointed out the possibility that the short ad renergic neurons innervating reproductive organs belong to a specific category of the sym pathetic nervous system from the results of pharmacological, physiological and anatomical studies (See also Swedin (11)). Ambache and Zar (13) (21) also showed that ATP is an excitatory transmitter in atropine-re sistant nerve innervating the guinea-pig urinary bladder. As several criteria must be met before a substance can be established as a neurotransmitter, the present pharmacological study was undertaken to test whether or not drugs which modify the response to nerve stimulation similarly affect the response to exogenously applied ATP which is a neuro transmitter (22) .
MATERIALS AND METIIOI)S Guinea-pigs, weighing 500-800 g, were stunned by a blow on the head and bled from the common carotid arteries. The seminal vesicle was dissected out together with hypo gastric nerve and immersed in Krebs-Ringer bicarbonate solution (100 ml), aerated with a mixture of 95 ;% Oz and 5'10 CO.; and kept at 37'C. The post-ganglionic fibres were stimu lated with square-wave pulses (30 Hz, I msec in pulse-width, sub-maximum intensity) according to Westwood and Whaler's modified method (23) for the vas deferens; viz, the hypogastric nerve was cut below the pelvic ganglion, which is located close to the prostatic end of the seminal vesicle (24, 25) and the peripheral end wits stimulated. The isotonic contraction of the seminal vesicle in response to hypogastric nerve stimulation was re corded on a kymograph via a frontal-writing lever. For (Ienervation, the guinea-pigs were anaesthetized with nembutal Y) (35 mg/kg). Post-ganglionic denervation of one seminal vesicle was performed according to the modification of the method of Kasuya et al. (26) , while the other seminal vesicle was left intact. Three weeks after denervation, the ani mals were sacrificed. The sensitivity of each denervated seminal vesicle to NE and ATP was compared to the contralateral intact vesicle. The drugs used were Acetylcholine chloride (ACh), Adenosine 5' triphosphate disodium (ATP), Atropine sulphate, Hydergine, to 5 x 10-8 g/ml) and NE (10` to 5 ;,<10-8 g/ml), using separate syringes, produced a bi phasic contraction; viz, an initial strong, rapid, "twitch" like contraction, followed by a slower phasic contraction (Fig. 1E ). The pattern of the contraction induced by the combined administration of ATP and NE resembled that of the contraction induced by a longer period (30 sec) of hypogastric nerve stimulation.
Contractile responses of the guinea-pig seminal vesicle to both hypogastric nerve stimulation and exogenously administered ATP (10-8 to l0'S g/ml) were remarkably poten tiated in the presence of NE (10-8 l0 10 g/ml) (Fig. 2) . The nerve-mediated contraction and ATP (I0' g/ml)-induced contraction was augmented 179.1 J_41.6";; (10 experiments) and 1055.7J 324.4"'/0 (13 experiments) in the presence of NE (10--e g/ml), respectively (Table   1 ). Also, in the presence of NE, the dose-response curve of ATP was significantly shifted to the left and the maximum response was elevated, indicating synergisms between ATP and NE (Fig. 2) . The potentiating effect of NE on contractile responses to both hypo gastric nerve stimulation and exogenously administered ATP promptly disappeared after washing-out the preparation. Contractile responses of the seminal vesicle to both hypo gastric nerve stimulation and exogenously administered NE (10' to 10-e g/ml) were hardly affected by pretreatment of ATP (10' to 10'5 g ,/ml), which had been applied 0.5 to 3 min before. It is assumed that the ATP hydrolyses rapidly in the tissues. and Zeidman (27) and Wakade and Krusz (14) . The effect of phenoxybenzamine (10-5 g/ml) on ATP (10-5 g/ml)-induced contraction was also variable; one case out of 4 showed slight depression, 2 cases out of 4 showed slight potentiation and one case showed no ef fect (Table 1) . c) Yohimbine: The administration of yohimbine (10-6 to 10-5 g/ml) had almost no effect on the muscular tone of the seminal vesicle. The contractile response to exo genously administered NE (106 g/ml) was prevented by treatment of yohimbine (more than 10-6 g/ml). Also, the contractile response to hypogastric nerve stimulation (10-6 g/ml) was depressed 22.5 % (2 experiments). The effect of yohimbine (10-6 g/ml) on the contractile response to exogenously administered ATP (10-'6 g/ml) was however variable (Table 1) . d) Hydergine: The administration of hydergine (3 x 10-' to 3 x 106 g/ml) had no effect on the muscular tone of the seminal vesicle. The contractile response to exogenously administered NE (10'6 to 2 x 10'6 g/ml) was prevented by treatment with hydergine (3 x 10-6 g/ml). Contractile responses to both hypogastric nerve stimulation and exogenously administered ATP (10-6 g/ml) were slightly depressed 38.3±12.7% (3 experiments) and 17.5 % (2 experiments), respectively, with treatment of hydergine (3 x 10' g/ml). The depressive effect of hydergine disappeared after washing out the preparation.
Effects of cholinergic drugs on the contractile responses to hypogastric nerve stimulation
and exogenously administered ATP a) Acetylcholine: The administration of ACh (more than 10-8 g/ml) caused a strong contraction of the seminal vesicle. The pattern of ACh-induced contraction was similar to that of NE-induced contraction. The contractile responses to both hypogastric nerve stimulation and exogenously administered ATP (10-6 g/ml) were remarkably augmented in the presence of ACh (more than 10-8 g/ml) (Fig. 3) . In the presence of ACh (10' g/ ml), the nerve-mediated contraction and ATP (10-'6 g/ml)-induced contraction were aug mented 80.5% (2 experiments) and 955.3--425.3% (3 experiments), respectively. The augmenting effect of ACh disappeared after washing out the preparation.
FIG. 3.
Potentiating effect of NE (10-s g/ml) (left) and ACh (10' g/ml) (right) on thf contractile response of the isolated guinea-pig's seminal vesicle to exogenously ad ministered ATP (10-6 21ml). b) Physostigmine: The contractile response of the seminal vesicle to exogenously administered ACh (10-' to 2 x 10-' g/ml) was considerably augmented by treatment with physostigmine (10_b to 2 x 10-6 g/ml). The contractions in response to both hypogastric nerve stimulation and exogenously administered ATP (10-6 g/ml) were slightly augmented by treatment of physostigmine (10-h g/ml). In the presence of physostigmine (10-6 g/ml), the nerve-mediated and ATP (10-' g/ml)-induced contractions were augmented 39% (1 experiment) and 133`,% (1 experiment), respectively ( Table 1 ). The augmenting effect of physostigmine disappeared after washing out the preparation. The augmenting effect of physostigmine on the contractile response of the guinea-pig vas deferens has been re ported by Boyd et al. (8) and Delta Be11a et al. (28) and Bhargava et al. (29) . c) Atropine: The administration of atropine (10-' to 10-'g/ml) had almost no effect on the muscular tone of the seminal vesicle. The contractile response to exogen ously administered ACh (10-' to 2 x 10' g/ml) was abolished in the presence of atropine (10-' to 2 x 10-' g/ml), while the contractile responses to both hypogastric nerve stimu lation and exogenously administered ATP (10-6 g/ml) were slightly depressed 55'0 (2 ex periments) and 41.5 % (2 experiments), respectively. The effects of various autonomic agents on the contractile responses of isolated guinea-pig seminal vesicle to hypogastric nerve stimulation and exogenously administered ATP (10-e g/ml) are summarized in Table 1 . Table 2 , the potentiating effect of NE (10"6 g/ml) on the contractile responses to both hypogastric nerve stimulation and exogenously administered ATP (10-6 g/ml) were considerably depressed in the presence of various adrenergic a-blocking agents, such as tolazoline (2 x 10-5 g/ml), phenoxybenzamine (10-6 g/ml), yohimbine (5 x 10-6 g/ml) and hydergine (10-6 g/ml). The depressive effect of phenoxybenzamine was not removed even after washing out the preparation, while those of other adrenergic a-block ing agents were removed. TABLL 2. Effects of various adrenergic a-blocking agents on the potentiating effect of NE (10'6 g/m1) on the contractile responses of the isolated guinea-pig's seminal vesicle to hypogostric nerve stimulation (PN) and exogenously admini stered ATP (10-6 g/ml) (PATP).
Norepinephrine 10-6 g/ml. ATP 10-6 g/ml.
5. Effect of rescrpine-pretreatment on the contractile responses to hypogastric nerve stimu lation and exogenously administered A TP Animals were treated with reserpine (s.c., 2 mg/kg, 24 hr before experiment). Hypo gastric nerve stimulation caused a vigorous contraction of the seminal vesicle in the re serpinized animals. Swedin (11) and Wakade and Krusz (14) observed that the "twitch"
response of the isolated guinea-pig vas deferens to hypogastric nerve stimulation was scarce ly affected with pretreatment of reserpine, although NE content of the organ was depleted, while, Swedin (11) observed that the second phase of contractile response of vas deferens to relatively longer periods of hypogastric nerve stimulation (30 sec) was abolished in the reserpinized animals. In the present study, it was confirmed that the same phenomena was observed in the guinea-pig's seminal vesicle. The effect of ATP in the reserpinized animals was similar to that of intact animals. The potentiating effects of NE (10-6 g/ ml) or ACh (10' g/ml) on the contractile responses of the guinea-pig's seminal vesicle to both hypogastric nerve stimulation and exogenously administered ATP (10-6 g/ml)
were also observed in the reserpinized animals ( Table 3 ). The contractile response of the reserpinized seminal vesicle to hypogastric nerve stimulation was slightly depressed by atropine (10-6 g/ml) ( Table 1 In the present study, it was also observed that the sensitivity of the denervated seminal vesicle to NE was significantly increased, more than 10 fold, compared with that of the intact seminal vesicle (Fig. 5) . The dura The potentiating effect of NE on the contractile response to ATP (10' g/ml) was also observed in the denervated seminal vesicles (Table 3 ) . These findings indicate that the interaction between NE and ATP occurs at the post-synaptic membrane.
DISCUSSION The contractile response of the isolated guinea-pig vas deferens to hypogastric nerve stimulation was depressed or abolished after treatment of adrenergic neurone blocking agents, such as guanethidine and bretylium (3, 38) , while the response was generally re sistant to adrenergic a-blocking agents, such as tolazoline and phenoxybenzamine (8, 9) . Therefore, Ambache and Zar (13) have argued that the chemical transmitter in hypogastric nerve innervating the guinea-pig vas deferens may not be NE. Swedin (11) and Wakade and Krusz (14) suggested the existence of excitatory agents in hypogastric nerve, besides NE. It seems that ACh is not a major chemical transmitter in the hypogastric nerve, since the contractile response of the isolated guinea-pig vas deferens to nerve stimulation was almost unaffected by treatment of cholinergic blocking agents such as atropine, tubo curarine and hexamethonium (3, 38) . Nakanishi and Takeda (39) pointed out the pos sibility that ATP is involved in the excitatory chemical transmission in hypogastric nerve innervating guinea-pig seminal vesicle, from the result that the contractile responses to both hypogastric nerve stimulation and exogenously administered ATP were dramatically augmented in the presence of NE as well as in the presence of tolazoline, an adrenergic a-blocking agent. Stjarne and Lishajko (17) demonstrated the spontaneous release of NE and ATP from isolated bovine vas deferens and seminal vesicle. Geffin and Livett (40) found that the molar ration of NE to ATP in rat vas deferens particles was 1.3 to 3.7. Recently, Weinshilboum et al. (41) reported that the stimulation of hypogastric nerve in nervating the guinea-pig vas deferens produced proportional release of NE and dopamine Q-hydroxylose. These findings indicate that chemical transmitters are released by the exocytotic process. De Potter et al. (42) have also reported evidence in favour of an exo cytolic release mechanism of noradrenaline from the adrenergic neuron.
The present pharmacological study showed that the contractile response of the iso lated guinea-pig seminal vesicle to hypogastric nerve stimulation resembled the response to exogenously administered ATP in the presence of NE rather than NE alone. There fore, if ATP is released by the exocytotic process during nerve stimulation, as well as NE and dopamine j9-hydroxylase, it is likely that the released ATP may play a part as a trans This may be ruled out, however, since 3H-adenosine taken up into purinergic nerve is stored mostly as 3H-ATP, with only a trace of 3H-ADP detectable (19) . Also, ATP has the great est sensitivity in the intestines and urinary bladder, compared with other nucleotides, and cyclic AMP was inactive in the bladder (22) . Post-ganglionic denervation of hypogastric nerve increased sensitivity to NE, but not to ATP. It appears that NE is taken up into the nerve terminals after termination of the transmitter-function, while ATP is hydrolyzed at the receptor site, like acetylcholine at cholinergic receptor. The released NE may not be degraded by catechol-0-methyl transferase between hypogastric nerve terminals and the receptor site in the guinea-pig's seminal vesicle (7) . The present study cannot exclude minor cholinergic control in the guinea-pig's seminal vesicle, since ACh and physostig mine enhanced the contractile response to hypogastric nerve stimulation, while atropine slightly depressed the response in both intact and reserpinized animals.
